Introduction
============

Inflammatory bowel disease (IBD) is a group of common chronic inflammatory gastrointestinal disorders, including Crohn\'s disease and ulcerative colitis ([@b1-etm-0-0-3908],[@b2-etm-0-0-3908]). IBD usually occurs in young adults and is closely associated with inheritance, infection and immune function ([@b3-etm-0-0-3908]). IBD is harmful to health with characteristics including a high recurrence rate, high canceration rate and poor prognosis ([@b4-etm-0-0-3908],[@b5-etm-0-0-3908]). Further investigation of the molecular mechanisms of IBD may provide valuable information for the treatment of IBD.

The pathogenesis of IBD is complex. Intestinal mucosal inflammation can lead to sustained and irreversible damage to the digestive tract and produce serious clinical consequences ([@b6-etm-0-0-3908]). A variety of inflammatory mediators such as interleukin (IL)-4, IL-1, tumor necrosis factor and transforming growth factor (TGF)-β, as well as several signal pathways such as the nuclear factor-κB signaling pathway, participate in the damage of the digestive tract ([@b7-etm-0-0-3908]--[@b9-etm-0-0-3908]). Immunosuppressant therapy is an important method for the treatment of IBD, as it is able to relieve intestinal inflammation and results in significant treatment efficiency ([@b10-etm-0-0-3908]). Autophagy is an important cellular pathway for the maintenance of homeostasis. It degrades damaged organelles, misfolded proteins and damaged DNA to provide energy that allows the cells to respond to adverse environments ([@b11-etm-0-0-3908],[@b12-etm-0-0-3908]). Autophagy is closely associated with inflammation ([@b13-etm-0-0-3908]) and is induced by a variety of inflammatory factors. Conversely it is also able to downregulate inflammation ([@b14-etm-0-0-3908]). However, the exact molecular mechanisms require further investigation.

Decorin (DCN) is a small leucine-rich proteoglycan with glycosaminoglycan chains attached to a core protein and is one of the important components of the extracellular matrix ([@b15-etm-0-0-3908]). Abnormal expression of DCN or alteration of the structure of DCN correlates closely with a variety of pathological processes including inflammation and cancer ([@b16-etm-0-0-3908],[@b17-etm-0-0-3908]). DCN has a number of biological functions, including inhibition of the proliferation, invasion and metastasis of a variety of tumors and is a potential target protein for cancer therapy ([@b18-etm-0-0-3908],[@b19-etm-0-0-3908]). In inflammation, DCN expression negatively correlates with TGF-1 and IL-1, and positively correlates with IL-4, indicating that DCN is involved in the occurrence and development of inflammation ([@b20-etm-0-0-3908]). Currently, the expression and function of DCN in IBD remains unclear. In the present study, IBD mouse models were produced and the expression of DCN, as well as autophagy-associated proteins in the intestinal tissues of the IBD mice was examined. To further investigate the biological functions of DCN in IBD, the effects of DCN on autophagy regulation in normal human colon mucosal epithelial cells (NCM460 cells) were studied.

Materials and methods
=====================

### Reagents

M3 medium was purchased from Gibco (Thermo Fisher Scientific, Inc., Waltham, MA, USA). 3-Methyladenine (3-MA) was purchased from Sigma-Aldrich (Merck Millipore, Darmstadt, Germany). Fluorescein isothiocyanate (FITC) Annexin V Apoptosis Detection kit I was purchased from BD Biosciences (Franklin Lakes, NJ, USA). Rabbit anti-human/mouse DCN (\#P07585) and beclin 1 (\#Q14457) antibodies, and mouse anti-human/mouse GAPDH (\#O14556) antibody were purchased from Bioworld Technology, Inc. (St. Louis Park, MN, USA). Rabbit anti-human/mouse p62 antibody (\#8025) was purchased from Cell Signaling Technology, Inc. (Boston, MA, USA). Rabbit anti-human/mouse LC3B antibody (\#AL221) was purchased from Beyotime Institute of Biotechnology (Beijing, China). DCN expression plasmid (pEGFP-N1-DCN) was purchased from Ruino (Guangzhou, China). Lipofectamine 2000 transfection reagent was purchased from Invitrogen (Thermo Fisher Scientific, Inc.).

### IBD mouse model

The study was approved by the Ethics Committee of the General Hospital of Chinese People\'s Liberation Army (Beijing, China). A total of 60 healthy adult male BALB/c mice weighing 21±1.34 g were purchased from Chengdu DOSSY Experimental Animal Co., Ltd. (Chengdu, China) and kept under specific-pathogen-free conditions. The animals were housed under a 12-h light/dark cycle and allowed *ad libitum* access to rodent chow and water. The room temperature was maintained at 22°C and 50% relative humidity. The mice were randomly divided into three groups (n=20 per group), namely the normal group, the control group and the IBD group. In the IBD group, the mice were anesthetized with pentobarbital (50 mg/kg; Shanghai Chemical Reagent Company, Shanghai, China) after defecation and kept with the head down in a vertical position. A polyethylene pipe with a diameter of 0.2 µm was inserted into the colon (4 cm proximal to the anus) of each mouse and a dose of 200 mg/kg trinitrobenzene sulfonic acid (TNBS; Sigma-Aldrich) solution in 50% ethanol was injected intrarectally. After that, the mice were fed normally. TNBS administration was performed once a day for 7 days and 24 h after the last administration, the mice were sacrificed after anesthetization with 50 mg/kg pentobarbital. In the control group, the mice received only 50% ethanol. In the normal group, the mice were kept under normal conditions without treatment. The colon tissues of the mice were removed and fixed with formaldehyde or stored in liquid nitrogen.

### Cell culture

NCM460 cells were purchased from American Type Culture Collection (Manassas, VA, USA). The cells were cultured in M3 medium supplemented with 10% fetal bovine serum (FBS; Gibco). The media was changed every other day and the cells were passaged using trypsin digestion on reaching 80--90% confluence.

### Hematoxylin and eosin (H&E) staining

H&E staining was performed on the colon tissues of the mice. Briefly, the colon tissues were fixed with 10% formaldehyde for 24 h, rehydrated in graded alcohols, hyalinized with xylene, embedded in paraffin and cut into 2-µm tissue sections. The tissue sections were dewaxed in xylene, stained with hematoxylin, stained with eosin, rehydrated in graded alcohols and hyalinized with xylene. After that, the sections were mounted with neutral gum and observed using an optical miscroscope (BX50; Olympus Corporation, Tokyo, Japan.

### Immunohistochemistry

The expression of DCN, beclin 1 and LC3B in the colon tissues of the mice was detected using immunohistochemistry. The colon tissues were fixed with 10% formaldehyde, embedded in paraffin and cut into 4-µm sections. The sections were dewaxed and rehydrated in graded xylene and alcohols. The sections were then incubated with 3% H~2~O~2~ at room temperature for 10 min to inactivate endogenous peroxidase and processed for antigen retrieval using microwave heating at 400 W for 15 min. Nonspecific binding was blocked with 10% goat serum (diluted with PBS) at room temperature for 10 min. The sections were incubated with anti-DCN antibody (1:200), anti-beclin 1 antibody (1:200) and anti-LC3B antibody, respectively, at room temperature for 1 h, then with goat anti-rabbit IgG H&L biotinylated secondary antibody(1:200; \#ab97049; Abcam, Cambridge, MA, USA) at 37°C for 30 min. The sections were then developed with 3,3′-diaminobenzidine chromogenic reagent. Finally, the sections were counterstained with hematoxylin for \~30 sec. Following hydrochloric acid differentiation and hyalinization with xylene, the sections were mounted with neutral gum and observed under an optical microscope.

Positive cells were defined as cells with brown staining in the cytoplasm or on the cell membrane. For each section, five fields were randomly taken under a high power field (HPF). The positive cells and negative cells were counted in each field. The positive rate of each field was the percentage of the ratio of the number of positive cells to the number of total cells (the sum of positive and negative cells). The positive rate of each tissue section was expressed as the mean of the positive rate of the five fields. The expression of the proteins was scored according to both the positive rate and the degree of staining. The positive rate was scored as following: 0%, score 0; 1--25%, score 1; 26--50%, score 2 and 51--100%, score 3. The degree of staining was scored as following: Without staining, score 0; with light yellow staining, score 1; with light brown staining, score 2 and with brown staining, score 3. The final score of the expression of the proteins was obtained by multiplying the score of the positive rate with the score of the degree of staining and was graded as following: Score 0 or 1, negative; score 2 or 3, weakly positive; score 4--6, positive and score \>6, strongly positive.

### Transmission electron microscopy observation

NCM460 cells were seeded into 10-mm culture plates. After culturing for 24 h, the culture medium was discarded and cells were washed with PBS twice. Then, the cells were fixed in 2.5% glutaric dialdehyde for 30 min at 4°C. Cells were collected into 1.5-ml EP tubes by scraping. Then, 2.5% glutaric dialdehyde was added and incubated at 4°C overnight. The subsequent procedures were performed by Shanghai Fucheng Biological Technology Co. Ltd. (Shanghai, China).

### Western blot analysis

The colon tissues of the mice, ground into a powder in liquid nitrogen, were lysed with radioimmunoprecipitation assay buffer containing phenylmethanesulfonyl fluoride. The lysates were subjected to electrophoresis on 11% SDS-PAGE gels. The proteins were then transferred to poly(vinylidene fluoride) membranes for western blot analysis. After blocking with 5% non-fat milk for 1 h at room temperature, the membranes were incubated overnight with anti-DCN, anti-beclin 1, anti-LC3B antibody, anti-p62 (all 1:1,000) or anti-GAPDH (1:10,000) antibodies at 4°C overnight. After washing, the membrane was incubated with goat anti-mouse (1:3,000; \#ab6789) and anti-rabbit (1:4,000; \#ab6721) horseradish peroxidase-conjugated secondary antibody (Abcam)at room temperature for 1 h. Bound antibodies were detected using an enhanced chemiluminescence kit (Amersham; GE Healthcare, Little Chalfont, UK). The mean normalized optical density (OD) of the DCN, beclin 1, LC3B or p62 protein band relative to the OD of GAPDH band from the same sample was calculated using Quantity One software, version 4.62 (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

### Cell transfection

NCM460 cells in the logarithmic growth phase were seeded at 2×105 cells/well in 24-well plates. On the next day, NCM460 cells were transfected with 1 µg DCN expression plasmid (pEGFP-N1-DCN) using Lipofectamine 2000 according to the manufacturer\'s instructions. At 48 h after transfection, the cells were harvested and lysed for western blot analysis as described above. Cells without transfection or transfected with empty plasmid were used as controls.

### Apoptosis assays

NCM460 cells were transfected with DCN expression plasmid as above described. The autophagy inhibitor 3-MA (5 µM) was added and incubated for 24 h. Then, cells were cultured with fresh glucose-free medium in a three-gas incubator (5% CO~2~, 1% O~2~ and 94% N~2~) with saturated humidity. After 24 h, cells were collected for apoptosis analysis. Apoptosis assays were performed using the FITC Annexin V Apoptosis Detection kit I according to the manufacturer\'s protocol. Cells that are in early apoptosis are Annexin V positive and propidium iodide (PI) negative, cells that are in necrosis are PI positive and Annexin V negative, and cells that are in late apoptosis are Annexin V and PI positive.

### Statistical analysis

All data were processed using the SPSS version 17.0 statistical package (SPSS, Inc., Chicago, IL, USA). Data are presented as means ± standard deviation. Statistical significance was determined using the Student\'s t-test. P\<0.05 was considered to indicate a statistically significant result.

Results
=======

### Successful modeling of IBD in mice. The IBD mouse model was generated by intrarectal injection of TNBS

The pathology of colon tissues in the mice was examined using H&E staining. In the normal group and the control group, the mice were in good spirits with normal weight and stools. The hair of the mice was smooth and flat. In the IBD group, the mice remained alive throughout the whole experiment, until sacrifice. However, they were lethargic with reduced physical activity and yellow mushy stools. In some mice, the stools contained mucus, blood and pus and their hair stood on end. H&E staining showed mucosal erosion, inflammatory cell infiltration, thickening of the intestinal wall and ulceration in the colon tissues of mice in the IBD group but not in the normal group ([Fig. 1](#f1-etm-0-0-3908){ref-type="fig"}).

### Altered expression of DCN and autophagy-associated proteins in the intestinal tissues of IBD mice

To investigate the expression of DCN, as well as autophagy-associated proteins in the intestinal tissues of IBD model mice, immunohistochemical assays and western blot analysis were performed. As shown in [Fig. 2](#f2-etm-0-0-3908){ref-type="fig"}, in the IBD group, DCN expression could be observed in the cytoplasm and nucleus of all cells in the intestinal tissue. The strong positive rate was 48%. In the normal group and the control group, DCN expression was negative or weakly positive. The difference was statistically significant (P\<0.05). The positive rates of autophagy-associated proteins beclin 1 and LC3B in the IBD group were significantly higher than those in the control group (P\<0.05).

The expression levels of DCN, beclin 1, LC3B and p62 in the intestinal tissues of the mice were also examined using western blot analysis. As shown in [Fig. 3](#f3-etm-0-0-3908){ref-type="fig"}, there were no significant differences in the expression of DCN, beclin 1, LC3B and p62 between the normal group and the control group. The expression of DCN, beclin 1 and LC3B was significantly higher in the IBD group than in the normal group (P\<0.05). The expression of p62 was significantly lower in the IBD group than in the normal group (P\<0.05). These results suggest that autophagy is induced in the intestinal tissues of the mice with IBD.

### Increased expression of autophagy-associated proteins in NCM460 cells transfected with DCN expression plasmid

To further investigate the correlation of the expression of DCN with autophagy-associated proteins, NCM460 cells were transfected with DCN expression plasmid, and the expression of DCN and autophagy-associated proteins was detected using western blot analysis. As shown in [Fig. 4](#f4-etm-0-0-3908){ref-type="fig"}, compared with NCM460 cells without transfection and NCM460 cells transfected with empty plasmid, the expression of DCN was significantly increased in the cells transfected with DCN expression plasmid (P\<0.05). The expression of beclin 1 and LC3B was also significantly increased in the cells transfected with DCN expression plasmid (P\<0.05). There were no significant differences in the expression of p62 between the cells transfected with DCN expression plasmid and the cells without transfection or transfected with empty plasmid. These results indicate that DCN may promote autophagy.

### Increased autophagy in NCM460 cells transfected with DCN expression plasmid

To investigate the effects of DCN on autophagy, NCM460 cells were transfected with DCN expression plasmid and intracellular autophagosomes were observed using transmission electron microscopy. As shown in [Fig. 5](#f5-etm-0-0-3908){ref-type="fig"}, a small number of autophagosomes with clear borders and undigested contents were observed in the NCM460 cells transfected with empty plasmid. In the NCM460 cells transfected with DCN expression plasmid, the number of autophagosomes increased significantly, which were vacuole-shaped with fully digested contents. These results indicate that autophagy was increased in NCM460 cells transfected with DCN expression plasmid.

### Decreased apoptosis in NCM460 cells transfected with DCN expression plasmid

As mentioned above, DCN expression was positively associated with the expression of autophagy-associated proteins. Under stress, autophagy can provide energy and protect cells ([@b21-etm-0-0-3908]). To investigate whether DCN protects the cells by regulating autophagy, NCM460 cells were transfected with DCN expression plasmid, cultured under oxygen glucose deprivation (OGD) conditions and treated with autophagy inhibitor 3-MA (5 µM). Cell apoptosis was studied using an Annexin V apoptosis detection kit. As shown in [Fig. 6](#f6-etm-0-0-3908){ref-type="fig"}, compared with the NCM460 cells without transfection or transfected with empty plasmid, apoptosis was significantly decreased in the cells transfected with DCN expression plasmid. Furthermore, the autophagy inhibitor 3-MA attenuated the effects of DCN overexpression on apoptosis.

Discussion
==========

IBD is an autoimmune disease involving numerous inflammatory factors ([@b22-etm-0-0-3908]). It has been reported that inflammation induces autophagy, which degrades damaged organelles to provide energy and protect cells from apoptosis ([@b23-etm-0-0-3908]). It was thus hypothesized that autophagy may protect intestinal cells during the development of IBD. DCN is capable of negatively regulating the proliferation of tumor cells ([@b24-etm-0-0-3908]). In recent years, the effects of DCN on the occurrence and development of inflammation have aroused much attention. DCN may regulate the expression of a number of genes and is closely associated with inflammatory signaling pathways ([@b25-etm-0-0-3908]). In the present study, the expression of DCN as well as autophagy-associated proteins in IBD was examined for the first time, to the best of our knowledge. The correlation of DCN with autophagy and biological functions was also examined.

TNBS is able to induce colitis in mice with a high success rate, low mortality and pathological features similar to those of IBD in humans ([@b26-etm-0-0-3908]). Thus, in this study, an IBD mouse model produced by the intrarectal injection of TNBS was used. Immunohistochemical assays showed increased expression of DCN as well as autophagy-associated proteins in the intestinal tissues of the IBD mice. These results were further confirmed by western blot analysis. It appears that during the development of IBD, increased DCN expression is associated with autophagy and DCN participates in the regulation of autophagy. To test this hypothesis, NCM460 cells were transfected with DCN expression plasmid. The results showed significantly increased expression of autophagy-associated proteins and increased amounts of autophagosomes in the NCM460 cells with DCN overexpression. Furthermore, under OGD conditions, the apoptosis of NCM460 cells transfected with DCN expression plasmid was significantly lower than that of the control group. In addition, autophagy inhibitor 3-MA treatment increased the apoptosis of these NCM460 cells with DCN overexpression.

In conclusion, these results indicate that DCN regulates autophagy and protects cells from apoptosis during the development of IBD. Thus, DCN may serve as a potential new target for IBD therapy.
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![Histopathological observation of colon tissues (magnification, ×200) using hematoxylin and eosin staining. Representative images of the colon tissues are shown. (A) In the normal group, there was no thickening of the intestinal wall, congestion or inflammatory cell infiltration. (B) In the control group, there was minor hyperplasia of the glands, slight thickening of the intestinal wall and a little inflammatory cell infiltration. (C) In the inflammatory bowel disease group, there was notable thickening of the intestinal wall, damaged glands, evident congestion and inflammatory cell infiltration throughout the intestinal wall.](etm-12-06-3885-g00){#f1-etm-0-0-3908}

![Expression of DCN and autophagy-associated proteins in the intestinal tissues detected using immunohistochemical assay (magnification, ×200). Representative immunocytochemical staining results of (A) DCN, (B) beclin 1 and (C) LC3B are shown. Positive cells were stained brown. (A) DCN expression was negative in the normal group, weak in the control group and significantly increased in the IBD group. (B) In the normal and control groups, beclin 1 expression was negative or weakly positive. There was no significant difference in beclin 1 expression between these two groups. In the IBD group, beclin 1 expression significantly increased. (C) In the normal and control groups, LC3B expression was negative or weakly positive. There was no significant difference in LC3B expression between these two groups. In the IBD group, LC3B expression significantly increased. Normal, normal group; control, control group; IBD, inflammatory bowel disease group; DCN, decorin.](etm-12-06-3885-g01){#f2-etm-0-0-3908}

![Expression of DCN and autophagy-associated proteins in the intestinal tissues detected using western blot analysis. (A) Representative results for DCN, beclin 1, LC3B, p62 and GAPDH are shown. GAPDH was used as an internal control. (B) Quantitative comparison of DCN, beclin 1, LC3B and p62 expression is shown. Data were derived from three independent experiments as in (A). The mean normalized optical density of DCN, beclin 1, LC3B and p62 protein bands relative to that of GAPDH bands from the same sample was calculated. Expression levels of DCN, beclin 1, LC3B and p62 are expressed as fold changes compared with the normal group. Data are expressed as mean ± standard deviation. \*P\<0.05 vs. the normal group Student\'s t-test. Normal, normal group; control, control group; IBD, inflammatory bowel disease group; DCN, decorin.](etm-12-06-3885-g02){#f3-etm-0-0-3908}

![Increased expression of autophagy-associated proteins in NCM460 cells transfected with DCN expression plasmid. (A) Expression of DCNand autophagy-associated proteins was detected using western blot analysis. Representative results of DCN, beclin 1, LC3B, p62 and GAPDH are shown. GAPDH was used as an internal control. (B) Quantitative comparison of DCN, beclin 1, LC3B and p62 expression. Data were derived from three independent experiments as in (A). The mean normalized optical density of DCN, beclin 1, LC3B and p62 protein bands relative to that of GAPDH bands from the same sample was calculated. Expression levels of DCN, beclin 1, LC3B and p62 are expressed as fold changes compared with the normal group. Data are expressed as mean ± standard deviation. \*P\<0.05 vs. the control group (Student\'s t-test). Control, NCM460 cells without transfection; empty plasmid, NCM460 cells transfected with empty plasmid; DCN plasmid, NCM460 cells transfected with DCN expression plasmid; DCN, decorin.](etm-12-06-3885-g03){#f4-etm-0-0-3908}

![Increased autophagy in NCM460 cells transfected with DCN expression plasmid. Intracellular autophagosomes were observed using transmission electron microscopy (magnification, ×200) and representative results are shown. (A) In the normal NCM460 cells transfected with empty plasmid, a small amount of autophagosomes are observed (upper image). Partial enlargement shows that the borders of the autophagosomes were clear and there were undigested contents in these autophagosomes (lower image). (B) In the NCM460 cells transfected with DCN expression plasmid, the number of autophagosomes increased significantly (upper image). Partial enlargement shows that the autophagosomes were vacuole-shaped with fully digested contents (lower image). DCN, decorin.](etm-12-06-3885-g04){#f5-etm-0-0-3908}

![Decreased apoptosis in NCM460 cells transfected with DCN expression plasmid. NCM460 cells were cultured under oxygen glucose deprivation conditions. (A) Flow cytometric analysis of apoptosis using Annexin V and propidium iodide labeling. The experiments were performed thrice and representative results are shown. (B) Quantitative comparison of apoptosis. Data were derived from three independent experiments as in (A). Data are expressed as mean ± standard deviation. \*P\<0.05 vs. the normal group, Student\'s t-test. Normal, NCM460 cells without transfection; empty plasmid, NCM460 cells transfected with empty plasmid; DCN plasmid, NCM460 cells transfected with DCN expression plasmid; DCN plasmid + 3-MA, NCM460 cells treated with DCN expression plasmid and treated with autophagy inhibitor 3-MA (5 µM); FITC, fluorescein isothiocyanate; DCN, decorin; 3-MA, 3-methyladenine.](etm-12-06-3885-g05){#f6-etm-0-0-3908}
